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(5) Process for preparing perfluoropolyethers of controlled molecular weight having pertluoroaHcyl or 
perfluorochJoralkyl end groups 

© An improved process for preparing perfluoropolyethers having neutral end groups is disclosed, said process 
being based on the photooxidetfon of CaFc and/or CzF* and resulting in high yields of useful products, r.e. in 
products of controlled molecular weight, having perfluoroalkyl or perfiuorochloroalkyl end groups. 
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PROCESS FOR PREPARING PERFLUOROPOLVETHERS OF CONTROLLED MOLECULAR WEIGHT HAVING 
PERFLUOROALKVL OR PERFLUOROCHLOROALKYL END GROUPS 

The present Invention relates to the preparation of neutral perfluoropolyethere having perfluoroalkyl end 
groups wherein one or two fluorine atoms are optionally replaced by chlorine atoms. 

It Is Known to prepare perfluoropolyefhers having <neotral) perfluoroalkyl end groups via photooxktetjQij 
of fluorooleflns and subsequent fluorin&tion with gaseous fluorine in the presence or absence of ultraviolet 
5 radiation, thereby effecting the elimination of the peroxide groups and the conversion of the acid end 
croups to perfluoroalkyl groups. 

By this process, mixtures of products exhibiting different molecular weights and a very broad molecular 
weight distribution are usually obtained; the proportion of high molecular weight products being generally 

Processes of this type are described in US-A*3.44a,942, 3,985,041 and 3.683,027 and in EP-A-193.028. 
However, for many industrial applications it is necessary to have available products of a considerably 
lower molecular weight and a higher homogenity. Thus. It is generally necessary to employ methods tor 
reducing the molecular weight based on the thermal catalytic fractionation of the product In the presence Of 
suitable catalysts, as disclosed In. e.g.,EP-A-ie7.2S8 and 223^38. 

This process is very Important from an industrial point of view, because It allows to utilize all of the 
photooxidatton products which generally have a high average moleoular weight and cannot be directly used 

as such in a useful manner. 

On the other hand, the separation of products having a (deslfed) relatively low average molecular weight 
from the crude photosynthesis reaction product is very complicated and difficult to carry out on an industrial 
scale. Furthermore, the yietd of useful products of low molecular weight is generally very low (about 10% - 
20%) 

Thus. there is a need to have avaHabfe an alternative industrial process capable of affording high yields 
of products having the molecular weights In the desired range, directly In the photooxidation process, 
without making necessary any subsequent step for molecular weight regulation. 
25 Thus, the present Invention relates to a process for preparing perfluoropofyethers of general formula: 

T-0(CF 2 CF 2 0) m /£f 2 CF0^ <CF 2 0) p 
so V CF. 
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wherein; t . . 

T is a (straight chain or branched) perfluoroalkyl group (preferably having t to 3 carbon atoms) wherefn a 
fluorine atom may optionally be replaced by a chlorine atom, in particular CF2Y-, CFzYCFV, YGF 2 CF(CFah 
YCF(CFb)CfV, Y representing fluorine or chlorine; 
R and R\ the same or different from Bach other, are fluorine or chlonne: 

m and n are numbers ranging from 0 to SO, extremes Included, p ranges from 0 to 40. extremes included, 

and q ranges from 0 to 10, extremes included, the following conditions being additionally met 

when m = 0. n ranges frc-m 1 to 20 end (p+q) is from 0.01 to 0.5 (extremes Included); 

when n * O t also q * 0, m ranges from 1 to 20 and p/m Is from 0.5 to 2 (extremes included); 

when n and m ara both different from 0. (m+n) ranges from 1 to 20 and (p + q)/(m+n) Is from 0.01 to 0.05 

(extremes included). 

The above units in brackets are distributed statistically along the chain and rn, n, p and q represent sverage 

values for the number of the corresponding units present in the chain. 

The process for preparing the above products comprises the following essential steps; 

a) Photooxidation of perfluoropropene and/or tetrafluoroethylene with gaseous O* in a liquid reaction 
phase Initially consisting of C*F* and/or. optionally, of a chbrofiuoro carbon solvent, in the presence of a 
perhalogenated ethylene containing 1 to 4. preferably 1 or 2, atoms selected from Cl.^Br and I. by 
Irradiating said liquid reaction mixture, maintained at a temperature of from -20 C to -100 C. preferably 
from -50* C to -60* C. with ultraviolet light (wavelength preferably from 200 to 600 nm). The perhalogenated 
ethylene is Introduced into the reaction mixture sumutoetfusly with the Oz flow- in an amount up to 50% 
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by motes, and generally not exceeding 20% by moles, with respect to the perfiuorooleflns (CaF s and/or 

M^erhalogenated ethylenes CF* - CFCI, CFCI * CFCI, CF 2 - CC!z CF 2 = CFBr are prele >ra* ly us eo. 

b) Fluoridation of the crude product obtained in step a) with gaseous fluorine, said fluorlnation bang 
conducted thermally at a temperature ranging from 100* to 250* C or in the presence of ultraviolet radlatron 
at a temperature of from 0* to 120 C. , 
This process is carried out according to a known technique (see U3-A-3,685,04i and 4.964,766). In he 
course of the fluorlnation treatment, in addition to the conversion of the add end groups to neutral 
perfiuoroalkyl groups also the substitution of all of the bromine and iodine atoms, If present In the 
photooxidatlon product, takes place. The substitution of chlorine atoms occurs only to a very limited extent. 
Furthermore, the decomposition of the peroxide groups contained in the crude photooxidatlon product also 

takes place* . , _, . * 

Tha process of the invention allows to obtain high yields of completely fluennated products or of 
products containing chlorine, but only in the end groups. Said products have proved to possess high 
thermal and chemical stabilities and to be fully comparable, as regards the practical applications, to known 
perfluoropolyethers with perfluoroalkyl end groups. Tnus, they may be utilized In the field of the testing tor 
electronic parts, such as the gross leak test, the bum test and the thermal shock test (see EP-A-203.34B). 
Another possible field of application of said products is the formulation of lubricating greases {see us- 

A-4.472,290), j . Qe _ 

The following examples merely Illustrate the present invention and are not to be construed as a 

limitation of the scope thereof. 



EXAMPLE 1 

A) Photooxldation of CaFe + CFCI = CF* 

info a cylindrical glass reactor (volume = 1O00 ml; optical path = 2 ml), equipped with an inner coaxial 
so quartz sheath, a dipping pipe tor the introduction of gases, a shaath with a thermocouple for measunng the 
internal temperature, and with a reflux condenser maintained at a temperature of -80 C there were 
introduced 1800 g of C 3 F 6 at a temperature of -60 # G. Through the dipping pipe, a gaseous mixture of 27 
l/h of 0 2 and 3 l/h of C*F 3 CI was bubbled into the reactor. By means of a cooling bath placed around the 
reactor the temperature of the reacting liquid phase was maintained at -60* C for the whole duration of the 
35 test. 

After having introduced into the quartz sheath an ultravioletray lamp type HANALKs TQ 150 (47 W, 
wavelength from 200 to 300 nm), the lamp was turned on. and irradiation and feeding of ihe reacting gases 
were continued for 5 hours. 

After a five-hour Irradiation, the lamp was turned off, the reaction mixture was degassed and the unreacted 
40 CgFs was recovered from the reactor by evaporation at room temperature. Thus an oily polymeric residue 
was obtained. The yield of product was 1041 g. Said residue was subjected to lodometric analysis to order 
to determine the active (peroxide) oxygen content (which was 0.32% by weight) as well as to ,9 F-NMR 
analysis, which revealed that tha residue was composed of polyether chains of the type: 

T-0 j£f 2 CFO\ (CF 2 0) m (0) v Y' (IV) 

so wherein T = C1CF 2 CF-, ClCFCF 2 -, ciCF 2 - 

CF 3 CF 3 



55 



with a pronounced predominance of the first two types of end groups; 
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the latter group being present In an amount of <S% of the total of the end groups /, 
The mm ratb was very low (<0.Q5). t 
The product viscoaity. determined at 20 ' C by means of an Oatwald-FenskB viscometer, was 5.7. 
1Q The infrared spectrum exhibited bands at 1 B84 cm -1 which are typical for groups of fbimula 



7S 



■CF 2 C 



20 



Th© mas* spectrometry analysis confirmed both the presence of the end groups determined by NMR 
analysis, and the absence of units -CFCI CFaO in the chain. According to the NMR analysis, the product 
exhibited a mm ratio of 0.01 and a molecular weight of 860. 
The chlorine analysis indicated a chlorine content of 42% by weight. 

Assuming that the product contained only one chlorine atom per chain, as indicated in the above formula, 
toe average molecular weight was calculated to be 840. 

The product was hydrafyzed by means of a water-saturated nitrogen flow. After hydrolysis, the product 
exhibited a viscosity of 31 cSt at 20 ' C, The hydrollzed product was then distilled under vacuum (20 to 1 
mm Kg) at a maximum temperature In th© boiler of 210' a 
Three fractions ware obtained (see Table 1 below). 

TABLE 1 



30 





8 


M.W. 


Viscosity 
(CSt) 


Fraction f 


130.6 


400 


4.a 


Fraction ti 


233.2 


600 


7.9 


Fraction lit 


552.3 


1300 


112 



The ,a F-NMR analysis carried out on the-lhree samples confirmed the structure: 



T-0 



wherein t = CICFjCF-; C1CFCF 2 -; C1CF 2 ~ 



CF 3 CF 3 



GO 



with a significant prevalence of the first two types; 
Y a -CFaCOOH, 

and allowed the calculation of the average molecular weights (M.W.) listed In Table 1. 



55 



B) Fluorination 

A photochemical reactor (volume 100 mi) equipped with a quartz sheath tor housing a mercury-vapour 
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lamp type HANAU© TQ 150 and also equipped with a bubbler, a magnetic stirrer, a GO* trap wd a 

thermoregulation system for both the reactor and the sheath system, utilizing FC ^^^J DO» . 

was charged with 210-2 g of acid perfluoropolyethar having a viscosity of 112-4 cSt. Obtained iteW 

in example 1 (traction ill). After the lamp had been switched on. fluorination was carried out wrth a fluonne 

flow of 3 l/h, thermoregulating the apparatus at 90 C. 

Alter 6 hours, the product was completely neutral. 

The 13 F-NMR analysis of a sample confirmed the structure: 

ISO /CF^CFOX (CP-O) CP with T * YCF 2 CF-i 2CFCF 2 -; YCF^; 



|4f 2 cfo^ (CP 2 o) m 



CF 3 CF 3 



« where Y is F or CI. u . n 

the ratio of end groups Y * CI to completely perfluorlnated end groups hang 0.96. 
By continuing the tluorlnatfcm for another 20 hours, this ratio was brought to. 0.53 and the resulting product 
(1B0 g) exhibited a Viscosity of 19 cSt 

The photochemical fluorination conducted on the sample obtained in example 1, fraction It. tinder the same 
» conditions as de scribed above but at a temperature of 10 # C. after 10 hours afforded a completely neutral 
product having a viscosity at 20* C of 1 ,5 cSt» in a yield of 66%. 



EXAMPLE 2 



as 



A) Photooxldation of C 2 Fi + CFCI = CF a 

Into a cylindrical glass reactor {diameter = 60 mm, volume = about 600 ml) equipped with a coaxial 
inner quartz sheath (diameter 20 mm) and furthermore equipped with a dipping tube for Ihe Inttoducion of 
gases and a reflux condenser maintained at a temperature of -B0*C. 600 ml of A-12 (CF 2 Cla) were 
introduced. Through the dipping tube, a gaseous mixture of oxygen. C 2 F* and CIC2F 3 was bubbled into the 
reactor fcy means of a cooling bath placed around the reactor the reacting liquid phase was maintained at 
the temperature indicated In Table 2 for the whole duration of the test. After having Introduced into the 

* quartz sheath an ultraviolet-ray lamp type HANAU® TQ 150 {47 W. wavelength ranging from 200 to 300 
nm). the temp was switched on, and irradiation and feeding of the reagents was continued for 5 hours. 
The gases leaving the reactor were eliminated after having undergone an alkaline washing. After a five-hour 
Irradiation, the lamp was switched off and the solvent was removed from the reactor by evaporation at room 
temperature. Thus en oily polymeric residue was obtained. This residue was subjected to iodometrlc 

« analysis In order to determine the active oxygen content, and to 18 F-NMR analysis which revealed that the 
residue was composed Of polyether chains of the type: 
T / -0(CF8CF 2 OWCFaO) w (0)vY' (V) 
with 

Y - CICFaCF*-; CICF 2 -; 
46 y - -CRkCOF;-COR 

The m/n ratio depended on the reaction conditions (temperature) and ranged from 0.5 to 2. 
The product viscosity was determined at 20 ' C by meane of an Ostwald-Fenske viscosimeter. 
Reaction conditions and characteristics of the oils produced are reported In Table Z 

so 
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B) Ftuorl nation 

Utilizing a. photochemical reactor like the on© described In example 1 B) and following the same 
procedure, but employing a temperature of 80 "C, a fluorination was effected on the product obtained 
according to example 2 A) (test No.4, table 2). after having subjected the peroxide groups to hydrolysis and 
thermal treatment (yield; 76%). After a 12-hour fluorination, the recovered product (yield - 93%) exhibited 
10 a viscosity of 7 cSt at 20 ' C. and the tS F-NMR analysts revealed that ttie polyether had the structure: 
T-O(CFzCF20) n (0F2O) m CF 3 with T - YCFj.CF 2 - ; YCIV and Y = CI or F. 



15 



30 



EXAMPLE 3 



A) Photooxidatfon of C 3 Fs. with CFBr = CF2 

In a photochemical reactor like the one described In example 1, charged with 800 g of C3F6 a 
20 photochemical reaction was carried out at a temperature of -64* C: through a dipping pipe, oxygen end 
QrCaFs in a ratio of 2.4/1 and at a total flow of 32 l/h were separately bubbled Into the reactor, after dilution 
with helium, After a 5-hour Irradiation, the lamp was switched off and unreacted CaFe was recovered. 43.1 g 
of an oily product were obtained. 

the todometrtc analysis Indicated an active o*ygen content of 0-43% by weight. 
25 The product exhibited a viscosity of 6.95 cSt end the 19 F-NMR analysis Indicated that the polyether 
consisted of perfluoropolyether chains of the type 



T-0 /CPjCPO \ <CF 2 0) m (O)^ - Y 

Wherein T = BrCF-CF- , BrCFCF--, CF-,- 

2 l I 
CF- CF~ 

as J J 

with a pronounced predominance of the first two types of end groups: 
Y = -CF 2 C0F, *COF 

with a Significant predominance of the first type of end groups, having an average molecular weight of about 
40 800 end a m/h ratio of Q.05. 
The T/Y ratio equaled 1. 
The bromine analysis Indicated a value of 8.9%. 

Assuming that the product contained only one bromine atom per molecule, a molecular weight or B93 was 
calculated. 

45 

B) Fluorination 

In the apparatus also employed in example 1 8), a fluorfnatfon reaction was conducted, at a 
50 temperature of 5* C, with a mixture of 20 g of the product obtained in example 3 A) and of 70 g of FC 70 
[N(Cs Fi 1 )a] (perfliiorotrlpentylamine) utiliaed as solvent 

After a 1 9-hour Introduction of fluorine (f l/h) then? were discharged from the reactor 85.2 g of a mixture 
from which, by distillation, 15 g of perfluoropolyether were separated; 19 F-NMR analysis showed said 
perfluoroporyether to be composed of structures of the type: 

65 
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which no longer contained peroxide groups. 



wherein: T * BrCF^CF-, BrCFCF-,-, CF 



CF 3 Cf 3 ' 



CF 3 CF 2 CF 2 -, 



CF. 



3 



the ratio of neutraJ perfluorinated end groups and neutral bromine-containing end groups equaling 3. 
however. The resulting product was subject to fluorination ones again, using the same reactor but 
conducting the reaction at 50* C (with a fluorine flow of 3 l/h). After a 40-hour reaction, there ware 
•discharged 83 g of a mixture, from which 11 g of perfluoropolyelher were isolated; according to l9 F-NMR 
2Q analysis, said perfluoropolyether consisted of structures of the type; 



withT = -CF(CF 3 )2.-CF2CF2CF3.-Ci=3 
and had an average molecular weight of 650. 

In this experiment a trap cooled to -80 *C was placed at the reactor outlet in order to collect the by- 
products formed In the reaction. Said by-products exhibited a yellow colour, due to the presence of BrF and 
complexes thereof. 



1 . Process for preparing perfluoropolyethers having perfluoroalkyl or perfiUDrochloroalkyf end groups of 



wherein: 

T Is a perhaioalkyl group which may contain a chlorine atom, particularly CFjY-, CF z YCrV, YCFzCF(CFbh 

YCF(CF3)CF2-. Y representing fluorine or chlorine; 

R and n\ the same or different from each other, are fluorine or chlorine; 

m and n are numbers ranging from 0 to 20, p ranges from 0 to 40. and q ranges from 0 to 10, the following 
conditions being additionally met: 

when m * 0. n ranges from i to 20 and (p Is from 0.01 to 0.5; 

when n = 0, also q - 0 and m ranges from 1 to 20 and p/m Is from 0.5 to 2; 

when n and m are both different from 0, (m + n) ranges from 1 to 20 and (p+q)/(m + n) is from 0-01 to 0.05; 
said process comprising the following steps; 




T 1 



Claims 



general formula: 
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a) photooxidaiion of psrfluoropropene and/or tetrafluoroethylene with gaseous 0 2 In a liquid reaction 
phase, optionally using a chbrofluorocarbon as solvency Irradiating the reaction mixture, maintained at a 
temperature of from -20' to ^100* C, In the presence of a thoroughly halogenated ethylene containing 1 to 
4,and preferably one or two atoms selected from CI, Br and I. said halogenated ethylene being fed to the 

5 reaction mixture In an amount up to 50% by moles with respect to the perfluoroolefin, with ^ultraviolet light: 

b) fluorlnatJon with gaseous fluorine, effected at a temperature from 1QO to 250 C or from 0 to 
120* C in the presence of ultraviolet radiation. 

2. Pert luoropolyethers of general formula: 



T-O (CF 2 CP 2 Q) ni /^F 2 CFO\ (CF 2 0) p /CFO \ CFRR' 
V kix l CF 3/q 



wherein: . 

7 Is a perhatoaikyl group containing a CI atom, in particufar GFzCh GF2CICF2-, CK;F2CF(CF3)-< 

20 ClCFCF--, 

I 2 

2S m and n are numbers ranging from Q to 20, p ranges from 0 to 40. and q ranges from 0 to 10, the following 
conditions being additionally met 

when m 5= 0, n ranges from 1 to 20 and (p+q) Is from 0.01 to 0.5; 

when n ~ O, also q = 0 and m ranges from 1 to 20 and p/ni is from 0.5 to 2: 

when n and m are both different from 0. (m+n) ranges from i to 20 and (p+qy(m+n) is from O.01 to 0.05. 

HQ 



05 



40 



AS 



SO 
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